For nearly 3 decades, injection drug use has been recognized for its ongoing impact on the transmission of human immunodeficiency virus (HIV) and perpetuation of the HIV epidemic in developed and developing countries (1) (2) (3) . Longitudinal studies have enabled the tracking and analysis of changes in HIV risk behaviors and HIV transmission over time (4) .
Decreases in or stabilization of HIV incidence rates have been documented in cohorts of injection drug users (IDUs) followed in many settings (5, 6) . Such changes have been partly attributed to reduction of high-risk behaviors and the implementation of prevention programs providing access to sterile syringes (4, (7) (8) (9) . Reduced HIV transmission in long-term prospective studies could also be due to the aging of cohort members (4) . Participation in a longitudinal study involving serial HIV counseling and testing could itself reduce risky behavior and lower the risk of HIV transmission. Nevertheless, reviews worldwide have concluded that community outreach and individual interventions, along with access to sterile injection equipment through needle exchange programs (NEPs) and drug abuse treatment, are effective in reducing the risk of HIV transmission among IDUs (10) (11) (12) (13) . However, recent reviews have suggested that the effectiveness of provision of sterile injecting equipment in preventing HIV transmission may be lower than is widely thought, and investigators have called for more research in this area (14, 15) .
Montreal, Quebec, Canada, was among the first of cities in North America to implement NEPs, beginning in the late 1980s. In 1995, NEPs in Montreal attracted international attention when we reported that the incidence of HIV infection was higher among NEP clients than among nonclients, even after adjustment for confounding variables (16) . Since then, public health officials have taken steps to continuously improve harm reduction strategies in many ways. Montreal now has one of the most liberal syringe distribution policies in North America, including no limits on the number of syringes that can be obtained from NEPs, provision of IDU outreach workers and services at local health service centers, and the implementation of a network of pharmacies selling low-cost syringes to IDUs. In line with policy changes, the distribution of syringes per year by NEPs and local health service centers increased from 340,000 syringes in 1996 to 950,000 syringes in 1999; annual distribution stabilized after 1999, with an average distribution of 800,000 syringes annually (17) . However, this estimate does not include syringes sold or distributed by pharmacies and outreach workers. Whether the changes implemented in recent years and the diversity of syringe sources now available in Montreal have had an impact on risk behaviors and HIV incidence has not been established.
In this study, we had 2 objectives. The first was to investigate secular trends in HIV incidence and to evaluate changes in risk behavior and HIV infection among IDUs followed between 1992 and 2008 in Montreal's St. Luc Cohort. The second objective was to assess associations between NEP participation, safe syringe acquisition, and HIV seroconversion.
MATERIALS AND METHODS
Recruitment criteria for the St. Luc Cohort included being 18 years of age or older and having injected drugs within the past 6 months. From the study's outset in 1988, the cohort was designed as an open cohort, with new recruitment occurring each year. From 2001 to November 2004, however, recruitment of new participants was interrupted by loss of funding. Follow-up of the remaining participants was maintained. Using the original eligibility criteria, recruitment of new participants was reinstated in November 2004. Similar questionnaires and HIV testing measures were used. The 4-year gap in recruitment yielded 2 distinct waves of follow -up, 1988-2001 and 2004-2008 . The current analyses include both waves of follow-up; however, first-wave participants recruited prior to 1992 were excluded because of changes in the questionnaire used since 1992.
First-and second-wave cohort participants volunteered to participate in response to direct street-level recruitment or word-of-mouth referral (57%) or community programs (43%). All participants provided their informed consent as approved by the institutional review board of the Centre Hospitalier de l'Université de Montréal. Cohort visits were scheduled after 3 months for the first follow-up visit and at 6-month intervals thereafter. Behavioral questionnaires were administered by trained interviewers, with venous blood samples being drawn at each visit for HIV antibody testing. Participants were asked to return within 2 weeks for their serostatus test results, at which time post-test counseling and referrals were provided. At each interview, participants were given a small stipend, initially Can$10, later increased to Can$20.
To study HIV incidence, all cohort members were tested for HIV-1 antibodies at baseline and at each follow-up visit by enzyme immunoassay (Axsym, Abbott Laboratories), with results being confirmed by Western blot or radioimmunoprecipitation assay at the Quebec Provincial Public Health Laboratory. Sociodemographic characteristics-age, gender, education, drug-use patterns, injection behaviors, sexual behavior, and access to clean syringes through NEP or pharmacies-were examined as potential determinants of HIV seroconversion. Consistent with previous studies, an unstable housing arrangement was defined as living on the street, in a shelter, or in an apartment or hotel room rented on a monthly basis (indicating a rapid turnover compared with typical 12-month rent-lease accommodation standards in Montreal) (18) .
Drug use patterns and injection behaviors were assessed by asking about the type of drug used and the frequency of injections in the past month and whether, in the past 6 months, the participant had shared syringes, shared syringes with a person known to be HIV-seropositive, or had practiced ''booting'' (a practice likely to contaminate the injection equipment with blood) (19) . Sexual risk indicators in the past 6 months included having sexual relations with person(s) known to be seropositive, prostitution activities for females, and sexual relations with a male partner for males. Accessibility of clean syringes was measured by 2 dichotomous indicators: 1) having visited a NEP to get clean syringes in the past 6 months and 2) having obtained 100% of syringes used through safe sources (i.e., NEPs, pharmacies or related venues, including community health centers, or outreach workers).
Statistical analyses
Descriptive analyses were used to characterize the study population during the 2 recruitment waves. CochranArmitage trend tests were used to compare the characteristics of participants recruited during 4 time intervals, 3 for wave 1 (1992-1994, 1995-1997, and 1998-2001 ) and 1 for wave 2 (2004-2008) .
Primary analyses employed time-to-event methods to assess trends in HIV incidence between 1992 and 2008. Generalized additive models with loess smoothers (20) were used to model nonlinear changes in annual HIV incidence rates between 1992 and 2008.
To investigate HIV secular trends and changes in risk behavior, we truncated the follow-up of all participants at 48 months, taking into account only those seroconversions that occurred within 4 years following the participant's entry into the cohort. This strategy ensured the comparability of results for participants enrolled in different waves, all of whom had the opportunity to be followed for up to 4 years.
Analyses of factors associated with HIV incidence involved the use of univariate and multivariable Cox proportional hazards regression models (21) to estimate crude and adjusted hazard ratios, respectively, with corresponding 95% confidence intervals. The outcome was defined as the time from entry into the cohort until seroconversion, assumed to have occurred at the midpoint between the dates of the participant's visits corresponding to the last negative and the first positive HIV test. Except for baseline age, gender, education, and time of recruitment, all variables were modeled as time-dependent covariates. Thus, at any time during follow-up, we used the values from the most recent visit. To examine and account for secular trends in annual HIV incidence, the effect of calendar time was represented by a binary indicator of recruitment period (2004-2008 vs. 1992-2001) .
Three separate multivariable Cox models were fitted to examine relations between the risk of HIV seroconversion and, respectively, 1) sociodemographic variables and risk behaviors; 2) sociodemographic variables, risk behaviors, and NEP participation; and 3) sociodemographic variables, risk behaviors, and whether 100% of syringes used had been obtained from safe sources. Baseline age and dichotomized recruitment period were forced into each final model. Other variables were entered into the final models using a forward selection procedure with P < 0.05 as the criterion for entry. Because of correlation between cocaine use and frequency of injection (Pearson correlation coefficient: r ¼ 0.44), only the former was included as a covariate in the final models.
We calculated adjusted population attributable risk percentages for selected behaviors that showed 1) a positive association between a given behavior and HIV and 2) decreased prevalence over time in that same behavior, to investigate the contribution of such behaviors to the observed reductions in incidence. Adjusted population attributable risk percentages were calculated using standard methods (22) employed in IDU studies (23) .
To investigate whether the effects of particular risk factors on the hazard of HIV seroconversion varied between the 2 cohort waves, multivariable Cox regression analyses tested 2-way interactions between a dichotomized recruitment period (1992-2001 vs. 2004-2008) and each potential risk factor. All statistically nonsignificant interactions (P > 0.05 for a 2-tailed Wald test) were then excluded from the final multivariable models. In the case of a significant interaction, we estimated separate hazard ratios for the associations between a corresponding factor and HIV incidence in each of the 2 waves. All analyses were performed using SAS, version 9.2 (SAS Institute, Inc., Cary, North Carolina).
RESULTS
A total of 3,120 persons who had injected drugs in the previous 6 months were screened during the entire study period. Among these, 329 (10.5%) tested positive for HIV at baseline, with the remaining 2,791 (89.5%) participants being eligible for inclusion in the cohort. A total of 2,137 HIV-negative participants (77% of those eligible) had at least 1 follow-up visit and were included in the present analyses. Compared with IDUs included in the analyses, participants with no follow-up assessments were slightly younger (mean age ¼ 32.2 years vs. 33.6 years; P < 0.0001), more likely to have used heroin (37% vs. 32%; P ¼ 0.02), more likely to have injected drugs more than 30 times in the last month (56% vs. 51%; P ¼ 0.01), and less likely to have visited a NEP in the previous 6 months (51% vs. 58%; P ¼ 0.001). Distributions of gender, education, cocaine use, and unstable housing conditions were similar between the 2 groups (data not shown).
Prior to seroconversion or censoring at 48 months of follow-up, participants contributed a total of 4,501 personyears of observation. The median time between consecutive visits was 6.1 months in wave 1 and 5.8 months in wave 2. The majority of participants were male (80.5%). At enrollment, the mean age was 33.6 years (standard deviation, 8.7), and 34.9% of the participants were under 30 years of age. The mean duration of injecting drugs was 9.9 years (standard deviation, 8.4). As many as 39.3% of participating IDUs did not finish high school, and 82.2% reported French as their mother tongue. Table 1 compares baseline characteristics of participants recruited in different periods. The distributions of gender, mother tongue, and educational level at enrollment did not change throughout the study period, whereas the proportions of participants younger than age 30 years and living in unstable housing conditions increased over time. Notable trends in drug use patterns and injection behaviors included increases in intravenous cocaine, crack, and heroin use in the previous month, increases in the proportion of IDUs reporting frequent injections in the past month, and increases in ''booting.'' Conversely, the proportions of IDUs who reported any syringe-sharing in the past 6 months or sharing with a known seropositive person declined significantly in the second wave of recruitment.
There was an increase in the proportion of IDUs reporting visiting a NEP for their syringe supply, while the proportion of those obtaining 100% of their syringes from safe sources remained stable over time.
A total of 148 IDUs seroconverted within the first 48 months of follow-up, representing a crude incidence rate of 3.3 per 100 person-years (95% confidence interval (CI): 2.8, 3.9). Table 2 and Figure 1 present annual HIV incidence rates and the corresponding smoothed trends over time, respectively, estimated with generalized additive models. The estimate from the generalized additive model suggested a bilinear model with 2 distinct phases. Specifically, a relatively slow annual decline in HIV incidence of 0.06 cases/ 100 person-years prior to 2000 was followed by a 4 times' faster decline of 0.24 cases/100 person-years per year during and after 2000. Table 3 shows crude associations between sociodemographic and behavioral characteristics and the risk of HIV seroconversion, based on separate univariate Cox models. Female and younger IDUs were less likely to become infected. Among male participants, having had sexual relations with a same-sex partner in the past 6 months was associated with HIV seroconversion. IDUs reporting unstable housing conditions were more likely to seroconvert to HIV. Several injection-related practices were associated with an increased risk of HIV infection: syringe-sharing, sharing a syringe with a known seropositive partner, and booting. Higher injection frequency and cocaine injection were both associated with an increased risk of HIV seroconversion, whereas heroin injection was associated with a lower risk. Participants who reported visiting a NEP to obtain clean syringes had a higher risk of seroconversion, while in univariate analyses, obtaining 100% of one's syringes from safe sources was not associated with HIV risk. The adjusted population attributable risks of sharing syringes and of sharing a syringe with a person known to be HIV-positive were estimated at 18% (95% CI: 1, 29) and 5% (95% CI: 4, 6), respectively.
Results from 3 separate multivariable Cox models, adjusted for period of recruitment, are presented in Table 4 . Variables that were independently statistically significantly associated with an increased risk of HIV acquisition in all 3 models included male gender, unstable housing conditions, intravenous cocaine use, booting, and syringe-sharing or having sexual relations with a known seropositive partner. In multivariable models, the effect of having sexual relations with a same-sex partner became nonsignificant (for model 1, hazard ratio ¼ 1.34, 95% CI: 0.85, 2.12).
No statistically significant interactions were found between recruitment period and any of the other risk factors. As shown in Table 4 
DISCUSSION
Our results indicate declining HIV incidence in a large cohort of IDUs recruited between 1992 and 2008 in Montreal, Quebec, Canada, with an acceleration of the reduction in HIV transmission after 2000. A number of possible explanations may underlie this decline, including reduction of risk behaviors over time, older age of the participants at enrollment, and aging of the cohort over time. Unlike other studies (4, 24) , the age of participants in this cohort was not strongly related to HIV incidence, after accounting for other risk factors. In addition to an older age at recruitment, the lack of an age effect may be partially explained by the 48-month maximum follow-up period applied in our study; this restriction was invoked to account for the potential effect of exposure to multiple testing and counseling on long-term cohort members.
Annual HIV incidence rates declined in this study 4 times faster after 2000 than before 2000, raising the possibility that changes in and enhancement of prevention strategies reported after 1998 may have largely contributed to a reduction of HIV transmission in Montreal.
These results are consistent with recent findings from SurvUDI, a provincial IDU epidemiologic surveillance network for HIV infection that targets active injectors recruited mainly through NEPs (25) . Our results are potentially more generalizable than those of the SurvUDI network, as we analyzed data from a broader population base of IDUs, some of whom did not visit NEPs and thus were not captured in SurvUDI.
Consistent with data previously reported from our group and other investigators (26) (27) (28) (29) (30) , the present results confirm the importance of intravenous cocaine use, unsafe injection practices (such as syringe-sharing and bingeing), and unstable housing conditions as the main drivers of the HIV epidemic among IDUs. Our present results also confirm the contribution of sexual transmission in this population, independent of injection practices (4, 29, 31) . Contrary to findings from other North American cities (31, 32) , women in our cohort were 2 times less likely to acquire HIV, even after adjustment for known confounders, and this difference was constant across all recruitment periods. We previously reported a lower HIV prevalence at baseline among women who were enrolled in the cohort between 1988 and 1998 (33). Our findings suggest that a gender discrepancy in risk of HIV acquisition continues still. Likewise, unlike previous reports from Baltimore, Maryland (34) and San Francisco, California (35) , men who had sex with men were at higher risk of HIV seroconversion, but this association did not remain statistically significant when other covariates were accounted for.
An increase in the proportions of IDUs reporting characteristics and drug-use behaviors associated with HIV incidence in other settings, such as living in unstable housing conditions (26, 36, 37) , cocaine use (28, 29) , and frequent injection behavior (27, 30) , was observed across the follow-up period. These temporal trends did not support the hypothesis that reductions in adverse circumstances or risk behavior could have driven a reduction in incidence. On the other hand, significant reductions in the proportion of IDUs reporting any syringe-sharing or sharing with a person known to be HIV-seropositive were observed. Estimation of the adjusted population attributable risks for these 2 related risk behaviors suggests that reductions may have modestly contributed to reduced HIV incidence. Underreporting of HIV status by syringe-sharing partners is likely to have yielded underestimation of the true impact of a reduced prevalence of sharing with HIV-positive partners (the reported prevalence of such behavior seems much lower than the expected true prevalence). Other investigators have similarly reported decreased HIV incidence associated with reduced injection risk behavior for IDU communities (5, 38, 39) .
Period of recruitment interacted in relation to HIV incidence only with access to syringes from safe sources. IDUs recruited after 2001 and those who always obtained syringes from safe sources were 5 times less likely to become HIV-infected than IDUs reporting other sources as well as safe sources for the same recruitment period. In contrast to other North American cities and to another Canadian city, Vancouver (40) , the IDU population in Montreal is widely distributed rather than concentrated, with only half living in the downtown area (41) . We recently reported that Montreal NEPs and designated pharmacies selling syringes have been instituted where they are most needed relative to the dwelling places of IDUs (18) . Moreover, we have demonstrated that IDUs obtaining some of their sterile syringes from unreliable sources have a higher proportion of highrisk injection behavior, consistent with findings reported in other North American cities (18, 32, 42, 43) . IDUs who obtained their clean syringes exclusively from either a pharmacy or a NEP had a lower prevalence of high-risk injection behavior, relative to those obtaining syringes from mixed sources (18) . Though the incidence of HIV seroconversion and the frequency of some risk behaviors changed across the study period, other potential risk factors did not vary in their associations with HIV across the recruitment period. This suggests that the impact of such risk factors on the hazard of HIV seroconversion is stable over time.
Several limitations apply to this study. Participants were not randomly selected and thus cannot be considered representative of all IDUs in Montreal. Males and chronic cocaine-using IDUs are overrepresented in the sample in comparison with Quebec provincial data on IDUs (44) . This study was conducted in the specific setting of a planned syringe supply strategy system. Unfortunately, data were not available on the size of the IDU population and the level of syringe coverage relative to the true needs of this community, limiting interpretation of our findings. Regardless, the context of this study might still serve to increase understanding of the potential impact of syringe supply services relevant to reduction of HIV transmission for IDUs in other settings. Even if our follow-up rates were acceptable for a drug-using population, our data could have been influenced by losses to follow-up. Although our study suggests possible positive effects of changes in syringe-sharing behaviors and syringe access strategies on HIV transmission, the small number of seroconversions occurring during wave 2 and the related lack of statistical power warrant caution in interpreting results. The recruitment gap from 2001 to 2004 did not allow for longitudinal analysis of a potential secular trend from 2001 onwards. Additionally, as for other cohort studies, a lead-time bias exists wherein potentially important risk-behavior events that may have occurred before participants joined the cohort could not be measured or accounted for. Residual confounding of our results by such influences is possible.
The reduction in HIV incidence documented by this study among IDUs in Montreal is a welcome result for public health authorities. Likewise, the protective effect on HIV transmission observed for always acquiring syringes from safe sources suggests a positive impact of syringe access policies that evolved in Montreal during the past decade. Nevertheless, the stability of the continued high prevalence of high-risk drug and injection behaviors suggests a need for primary prevention in order to reduce initiation of injection drug use. As Wood et al. (6) have noted previously, an association between NEP participation, expressed dichotomously, and HIV seroconversion is not in itself a strong marker of safe injection behavior. Given distribution policies, syringes obtained by IDUs not visiting NEPs might come from safe sources, directly or through secondary exchange. Most importantly, our study adds to knowledge on which components within the range of IDU syringe access services work to reduce HIV transmission. 
